The monoclonal antibody (MAb) SIlECl was produced by immunization of Balblc mice with an antigen prepared from the isolated basolateral membrane (BLM) of rat small intestine epithelial cells by trypsin cleavage. Immunohistochemical labeling at the light and electron microscopic level shows that the SIlECl epitope is Iodized in the plasma membrane (PM) of the small intestine epithelial cells and is expressed around Day 21 after birth (weaning time). There are, however, differences in the labeling between crypt and villous cells. In the crypt cells, the microvillous membrane (MVM) and the hteral part of the BLM are strongly labeled, whereas the basal part of the BLM is unlabeled. In the villous cells, both the MVM and the basal and lateral part of the BLM are labeled, but the labeling is not as intense as in the crypts.
Introduction
There are two distinctly critical phases in the course of the continuous development of the small intestine epithelium in the rat (24, 25) . At about Day 17 of the fetal period, the stratified squamous epithelium is replaced by a single-layered columnar epithelium (23, 24, 25) . This new epithelium consists of polar differentiated cells. Therefore, in this differentiation step radical changes are observed in the general cell morphology (5, 14, 16, 24, 30) . Also significant and well characterized are the changes that occur in the plasma membrane (PM) during this phase (14, 20, 30) . The PM differentiates into two domains with different compositions and functions (13, 21, 24, 26, 27) , the luminal microvillous membrane (MVM) and the basolatetal membrane (BLM). A second distinct step in the PM differentiation of the small intestine cells takes place with weaning on Day 21-22 after birth (12, 24, 25) . The changes that occur at this time are not morphologically significant but are more at the molecular level. In the MVM, expression (10, 12, 26) or disappearance (6) of digestive enzymes is observed. For the BLM, molecular modifications of the components accompanying weaning are largely unknown. The protein pattern of this membrane domain changes very little after Day 21 (see Results). An indication of a modification occurring in the BLM components might be that the especially close relationship between epithelial and connective tissue around the time of weaning gradually changes (22, 25) . Therefore, since the protein pattern of the BLM is not altered, one of the reasons for this change could be a restructuring of the carbohydrate (CH) components in the BLM. This suggestion is reinforced by the fact that changes in the CH pattern of PM components during the course of intestinal cell differentiation are observed (11, 27) . The possibilities for obtaining concrete information about new CH structures appearing in the rat intestinal BLM after Day 21 include (a) creation of MAb against CH structures of the BLM glycoproteins of adult animals; (b) investigation of the first appearance of the COCresponding CH epitopes in the intestinal cells with immunohistochemical methods; and (c) characterization of the CH epitopebearing BLM glycoproteins by transblotting. Their precise localization in the small intestine epithelial cells and their distribution along the crypt-villus axis would then make it possible to find indications of their possible functional significance.
To obtain as many CH-specific MAb against BLM glycoproteins as possible, the isolated BLM was treated with trypsin to enrich it with proteolysis-resistant glycoproteins (18, 35) . The resultant BLM fraction, with significantly stronger protein bands in the MW range of 70-125 KD as compared with non-treated BLM, was used for immunization. One MAb obtained by this procedure and designated as SIlECl specifically defines a CH epitope (SI/EC1 epitope) that first appears around Day 21 after birth in the PM of the rat small intestine epithelium. The results of its localization in these cells might help to delineate the possible functional significance of this CH epitope.
Materials and Methods
Production of MAb SIIEC1. The trypsin-treated BLM (antigen) used to immunize the Balblc mice was produced as follows. The BLM was isolated from the epithelial cells of the small intestine of two adult rats (33,34), All the buffers used contained 1 mM PMSF. The BLM pellet thus obtained was re-suspended in 5 ml %is-buffered saline (pH 8.1) and was incubated with 200 pg trypsin for 2 hr at 37°C. Then the pH was adjusted to 7.6 with HCI and the reaction was stopped with 150 pg trypsin inhibitor. The cleaved BLM suspension was then layered onto 6 ml 30% saccharose and centrifuged for 2 hr at 0°C and 180,000 x g. The fraction pelleted through the 30% saccharose was harvested and re-suspended in 10 mlO.1 M phosphate buffer (pH 7.5) + 0.25% Triton X-100; 20 min thereafter it was pelleted for 1 hr at 180,000 x g. To immunize two Balblc mice, the pellet containing about 150 pg protein was suspended in 0.3 ml water and mixed with 0.3 ml Freund's adjuvant. Each animal received 0.3 ml of this suspension, half injected Sc and half IP. Each animal was given four injections at 10-day intervals. With the first injection, complete Freund's adjuvant was used, with the second and third incomplete Freund's adjuvant, and with the fourth injection 0.3 ml water was added instead of Freund's adjuvant. Five days thereafter the spleen cells were isolated and fused with NS1 cells. Hybridomas were produced in the usual way (7). Clones with specific MAb against the intestine epithelial cell PM in the supernatant were identified by FITC labeling of pacaformaldehydelglutaraldehyde (PFA/GA)-fuced small intestine frozen sections from adult rats (see below). Typing of the MAb was performed with an isotyping kit (Gibco; Grand Island, NY). SDS-PAGE, Transblotting, and Immunodetection. The electrophoretic separation of the proteins of small intestinal cell BLM was performed with SDS-PAGE in 8.5% gel of 1 mm thickness (19) . The low MW marker from BioRad (Richmond, CA) was used for the MW calibration. After electrophoresis the gels were either stained with Coomassie Blue or transblotted in the usual way (32) to nitrocellulose sheets. The sheets were then washed with PBS, the protein binding sites blocked with BSA, and then washed again with PBS. The subsequent immunodetection was performed with 2 hr incubation with SIlECl culture supernatant, then four successive washings (15 min each with 0.5% Triton X-100, 0.5 M NaCI, 1% BSA, all disso!ved in PBS, and with PBS) and 2 more hr of incubation with HRPconjugated anti-mouse Ig (1:4000 diluted in %-buffered saline + 1% BSA).
After further washing in the manner described, the specifically labeled protein bands were made visible with o-dianisidine and H202 (2). In controls, the incubation with the SIlECl was omitted.
Glycosidase Cleavage of the BLM Glycoproteins. This was done with two endoglycosidases and one exoglycosidase on isolated BLM suspensions. The cleavage buffers used contained 0.1% SDS and 0.5% n-octylglycoside (9), and 1 mM PMSF. The BLM suspension obtained from two rats was divided into four equal portions with 500 pg protein content, and each portion was pelleted. Pellet 1 served as a control. Pellet 2 was dissolved in 400 p1 of 20 mM Na-phosphate (pH 7.5) + 50 mM EDTA + 10 mM NaN3 + 8 U of N-glycosidase F. Pellet 3 was dissolved in 400 pI of 50 mM Na-acetate buffer (pH 5.5) + 10 mM EDTA + 1 U endoglycosidase E Pellet 4 was dissolved in 400 pI of 20 mM Na-citrate buffer (pH 6.0) + 500 mU neuraminidase (all enzymes were from Boehringer; Mannheim, Germany). All samples were incubated for 20 hr at 20'C and the reaction stopped by addition of 80 pI of fivefold concentrated Laemmli buffer. After SDS-PAGE and transblotting, immunodetection with SIlECl was performed as described above.
Immunohistochemical Labeling with SIlECl. Indirect FITC labeling was performed both on rat small intestine frozen sections and on isolated crypt and villous cell fractions. Pieces of small intestine from adult rats were fixed for 1 hr at 0°C in 2% PFA + 0.1% GA dissolved in 0.1 M Na-phosphate buffer (pH 6.8) + 0.15 mM CaCl2 (29). After washing and blocking of free aldehyde groups with glycine, the pieces were infiltrated in PBS + 2 M saccharose and frozen in liquid nitrogen (31). Frozen sections were prepared and then incubated for 2 hr with SIlECl supernatant and, after rinsing with PBS. for 2 hr with FITC-conjugated anti-mouse Ig, diluted 1:2000 with 1% BSA in PBS; after rinsing with PBS the sections were sealed in Moviol.
The isolated villous cells (Fractions 1-4 and 5-6, respectively) and crypt cells (Fractions 7-8) were obtained after the method of Weiser (33) from the small intestine of adult rats. Pre-treatment and FITC labeling were performed as described for the frozen sections (the saccharose infiltration was omitted; the change from one step to the next was via centrifugation). The labeled cells were observed with a fluorescence microscope (Zeiss hophot).
For the post-embedding immunogold labeling, small pieces of small intestine were fixed and blocked in the same way as described for the FITC labeling. After dehydration and Lowicryl K4M embedding at -25°C (4), ultra-thin sections were prepared, mounted on Pioloform-coated nickel grids, and labeled according to the usual methods (28) with SIlECl supernatant as primary antibody and gold-conjugated anti-mouse Ig (130 8) as secondary antibody. The sections were then contrasted with uranyl acetate and lead citrate and examined in the Siemens Elmiskop 102. Pieces from other organs were prepared and labeled in the same way. All of the labeling performed (FITC and gold labeling) included control sections in which the incubation with the primary antibody was omitted.
Age-dependence of SIlECl Epitope Expression. The first appearance of the SIlECl epitope was determined with FITC-labeling of small intestine frozen sections (preparation as above) from rats of different ages (14, 18, 21, 24, 28, 32 , and 37 days after birth) and either sex. Three separate series were studied, and in one series only animals from the same mother were used. The crypt and villous epithelium from duodenum, jejunum, and ileum was examined.
Results

Differences in the BLM Protein Pattern Between Jauenile and Adult Rats
SDS-PAGE of isolated BLM fractions from 19-day-old (juvenile) rats (Figure 1 , Lane a) and 37-day-old (adult) rats (Figure 1, Lane b) , separated on the same gel, showed that the protein band patterns were nearly identical. The only difference was that in the juvenile BLM the bands of MW 125 KD and 110 KD were more strongly stained than in the adult BLM.
Antigen Composition and SI/ECl Typing
The trypsin-treated BLM fraction that was used as antigen showed a very different protein pattern (Figure 1 KD, 90 KD and 45 KD. Because the positions of these bands were identical to those of the corresponding bands in the untreated BLM, it is likely that trypsin treatment did not significantly alter the an- 
Specrpcity of SI/ECl
Examination of the specificity of SIlECl for the transblotted BLM proteins of adult small intestine cells showcd that only the bands with PAW 125 KD, 110 KD, and 30 KD were distinctly and spccifically labeled (Figure 1, Lane e) . These are the same bands that showed the strongest proteolytic mistance to trypsin cleavage in the BLM ( s e Figure 1 . Lane c). No band was specifically labeled in the protein pattern of the BLM isolated from the small intestine epithelium of 19-day-old rats.
For better characterization of the chemical nature of the SIlECl epitope in the labeled bands, an attempt was made to change the oligosaccharide components of thesc bands by enzymatic treatment of the BLM with glycosidases and subsequently to immunostain with SIIECl. The results (Figure 1 
F I X La&eling with SI/ECl
Labeling of small intestine sections from adult rats (older than 28 days after birth) showed that only the epithelium was stained (Figures 2a-2c ). The staining intensity in the villous epithelium, however. was d e r than that in the crypt epithelium. In the crypt cells (Figure 2a and 2b) . the luminal and lateral surfaces were strongly labeled. The basal surface was not labeled, as can be obs e m d on perfectly longitudinally sectioned areas (Figures 2a and  Zb, arrows) . The villous cells (Figure 2c) showcd fluorescence in the brush border and (more weakly) on the basolateral surface. i.e. here (so far as it can be demonstrated) the basal cell surface is also labeled. Of the other epithelial cells, only the goblet cells exhibited fluorescence (with decreasing staining intensity from crypt to villous), whereas the Paneth cells were unlabeled. There were no discernible differences in labeling intensity among the three parts of the small intestine. 
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FITC labeling of the isolated small intestine epithelium cells showed different results in the individual fractions. The brush border was well labeled in all fractions, but there were differences in the BLM labeling. In the crypt cell fraction (Fractions 7-8), about 80% of the cells showed fluorescence on the entire basolateral surface, i.e., in the basal area as well (Figures 2d-2f) . In cell fractions from the middle villous area (Fractions 5-6). there were only a few cells with clear labeling of the basolateral surface (Figure 2g ). In cell fractions from the upper villous area (Fractions 1-4) . the basolateral surface was unlabeled in all cells (Figure 2h) ; only in the parts adjoining the luminal surface could a weak fluorescence sometimes be observed.
Electron Microscopic ImmunogoZd Labezing with SI/ECl
The ultrastructural localization of the SIlECl epitope in the intestinal epithelial cells showed that it is bound to the PM (Figures  3 and 4) . However, there were differences in the distribution of the gold label between the crypt and villous cells. In the crypt cells, the MVM (not shown) and the lateral part of the BLM (Figures  3a-3d) were strongly labeled. The basal part of the BLM exhibited no labeling in places where the well-developed basal lamina was in contact with the crypt cells (a normal finding in the crypt epithelium) (Figures 3a-3c, arrows) . However, in places where the basal lamina was damaged or had separated from the BLM, the basal part of the BLM showed gold label as well (Figure 3c, arrowheads) . Control experiments with another PM-specific MAb of the IgM type demonstrated that the basal part of the crypt cell BLM is very well labeled under the same conditions (not shown). In the enterocytes of the villi, the MVM and the lateral part of the BLM were also labeled ( Figure 4a ). However, a rough assessment of the marker density on the lateral BLM showed that the gold particle number per unit of membrane length in the villous cells was somewhat less than that in the crypt cells. In the villous cells, the basal BLM also displayed gold label (Figure 4b . arrows). This correlates significantly with the morphological finding that the structure of the basal lamina frequently was not very well developed or that the basal lamina had become removed from the bases of the enterocytes, especially in the villous tip region.
The goblet cells in crypt and villous showed the same gold marker distribution in the PM as that of the crypt cells and the enterocytes, respectively. In addition, the Golgi region was well labeled and the secretory vesicles weakly labeled. In the Paneth cells, the SIlECl epitope was not present in either the lateral or the basal PM (Figure 4c ).
Age Dependence of Expression of the SI/ECl Epitope
The period from Day 14 to Day 37 after birth was investigated. The first weak fluorescence occurring in the crypt epithelium (Figure Sa) was found to coincide exactly with the weaning time. The labeled cell sites were the same as those in the crypt epithelium of the adult intestine. In addition, at this time labeling of the basal cell surface was also absent (Figure 5a, arrows) . The villous epithelium was unlabeled on Day 21 ( Figure Sb ) and the goblet cells were scarcely labeled. From Day 21 to Day 28, the labeling intensity increased (not shown). From Day 28 on, there was no difference in the intensity of fluorescence in crypt and villous epithelium to the intestine of adult animals. The expression occurred somewhat later (1-2 days) in the proximal than in the distal part of the intestine. No difference between male and female rats was observed.
Presence of the SI/ECl Epitope in Other EpztheZia
Sections from colon, pancreas, liver, kidney, and epididymis were examined with the SIlECl by FITC labeling. Only the surface and occasionally the granules of the pancreas cells showed weak and iery diffuse fluorescence. In the epithelia of the other organs, in-.luding the colon, the SIlECl epitope could not be demonstrated. 
Discussion
As studies of crypt cell antigens have shown (24,25), developmentally regulated epitopes that appear or disappear in the course of small intestine cell differentiation play a role. The MAb SIlEC1 defines a further epitope whose expression is developmentally regulated. The findings reported here indicate that mono-and oligosaccharides, respectively, are involved in the structure of the SIlEC1 epitope. (a) SIlECl labels the BLM protein bands that have the greatest proteolytic resistance to trypsin cleavage; such a resistance is especially observed in glycoproteins with a high oligosaccharide content in the molecule. (b) The absence of labeling of the SIlECl epitope after neuraminidase cleavage points very strongly to the CH nature of the epitope, since the terminal sialic acid plays a major role in the structural specificity of CH antigens (8). (c) Cleavage with endoglycosidases inhibits the labeling of the 125 KD band. The positive (but after N-glycosidase F cleavage weak) labeling of the 110 KD and 90 KD bands after cleavage with the endoglycosidases does not rule out an oligosaccharide structure of their epitope, as the cleaving effect of these two enzymes is strongly dependent on the degree of oligosaccharide branching (9,27). (d) The localization of the SIlECl epitope in the BLM and MVM tends to rule out a protein structure, as only very rarely does the same protein occur in both PM domains (30). (e) A further indication of the CH nature of the epitope is its presence in the Golgi cisternae and its absence in the endoplasmic reticulum of the goblet cells, as well as the fact that the SIlECl is of the IgM type; antibodies against CH structures frequently belong to this Ig type.
The CH structure of the epitope appears, as indicated by the labeling results after endoglycosidase cleavage, to be somewhat different in the 125 KD band and in the other two bands. However, sialic acid seems to be an essential component in both cases. The specificity of SIlECl for only three bands of the BLM proteins could indicate that the protein component of these glycoproteins is also somewhat involved in the epitope structure. In addition, this specificity, as well as the exclusive labeling of the small intestine epithelial cells, demonstrates that the SIlECl is not simply a sialic acid-specific MAb (because of the widespread occurrence of this monosaccharide in PM glycoproteins).
The molecules that carry the SIlECl epitope in the MVM and in the mucous vesicles of the goblet cells are unknown. However, because there are many glycoproteins at both sites with high CH content in the molecule, it could be that a crossreaction of SIlECl is the reason for the labeling of these sites.
There are two possible reasons for the absence of labeling in the basal part of the crypt cell BLM in the assembled epithelium, because the absent gold label (as demonstrated by control experiments) is not due to the IgM type of SIlECl and, in consequence, to spatial inhibition of the labeling. First, the epitope-containing glycoproteins are restricted by various mechanisms to the lateral side of the BLM. This might be in association with the cytoskeleton, as is assumed for the localization of Na', K' -ATPase in the lateral BLM (I), or in association with a homophilic binding to the same molecule of the neighboring cell. A second possibility is that the epitope-containing glycoproteins are evenly distributed in the entire BLM but that their epitope cannot be labeled because they form very close complexes with components of the basal lamina. The labeling results presented here favor the latter hypothesis, be-cause in isolated crypt cells (i.e., those that are free of adhesion to the basal lamina) the basal BLM is labeled, and in places where the basal lamina is damaged the basal BLM shows gold label. The basal BLM is also well labeled with gold in the villous tip epithelium; here the structure of the basal lamina appears to be not very well preserved. Such a very close complex formation of molecules as a cause of labeling inhibition is not unknown; this is assumed, for example, for the extracellular matrix molecule SPARC, which is actually present but is not immunohistochemically labeled because of complex formation with other matrix components (15). In addition, the example of desmoglein, whose CH portion contributes to the formation of the intercellular part of the desmosomes, shows that CH portions can indeed be involved in the adhesive interaction between membrane molecules and extracellular matrix constituents (17) .
The functional significance of this close complexing between molecules of the BLM and components of the basal lamina is not known. The variable intensity of the membrane labeling from the crypt to the villous, as well as the different labeling of the basal BLM in crypt and villous cells, suggests that the SIlEC1 epitope in the BLM has something to do with a variable adhesive mechanism along the crypt-villous axis of the small intestine epithelial cells, which is formed in the weaning phase. The absence of the epitope in the PM of the Paneth cells, which do not need variable adhesion, further supports this concept. 
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